Introduction
The aphid genus Cryptomyzus Oestlund, 1922 comprises 18 species of Palaearctic origin (Remaudiére & Remaudiére 1997; Holman 2009) . For the present, ten species of this genus are registered in Europe (Nieto Nafria et al. 2004) , three of them, Cryptomyzus alboapicalis (Theobald, 1916) , Cryptomyzus leonuri Bozhko, 1961 and Cryptomyzus ulmeri Börner, 1952 , are reported as monoecious (Guldemond 1991; Bašilova 2010) . These aphids spend all their life cycle on perennial herbs of the family Lamiaceae (Guldemond 1991; Bašilova 2010) .
Aphids of the species C. alboapicalis and C. leonuri are very similar morphologically, although their host plants (Lamium album and Leonurus cardiaca, respectively) belong to different genera. Identification key to European Cryptomyzus species (Guldemond 1991) offers the characters for the separation of C. alboapicalis and C. leonuri apterous viviparous females exclusively. Morphological differences between other morphs of this species couple were not discussed (Guldemond 1991; Blackman & Eastop 2006) . Experimental rearing of C. leonuri enabled the description of other morphs, such as alate viviparous females, oviparous females and males (Bašilova 2010) . Morphometric analysis of apterous viviparous females from clonal lineages revealed the overlapping of the key characters proposed by Guldemond (1991) for the separation of C. alboapicalis and C. leonuri (Bašilova 2010) .
The aim of this study is to find reliable morphological characters and their combinations for the separation of apterous and alate viviparous females of C. alboapicalis and C. leonuri.
Material and methods
Aphid rearing, microscope slide preparation and aphid species identification Aphid rearing was carried out in Pakalniškės, Vilnius distr., Lithuania, in 2007 Lithuania, in -2008 . The field collection data of aphids used for experimental rearing are given in Table 1 . Aphid lineages started from the single aphid individual were isolated in the whole plant cages, type II (Adams & van Emden 1972) . Fresh host plants where supplied when needed by transferring 5-10 aphids to new pot cage. The methods of aphid sampling, preservation and slide mounting in Canada balsam were those commonly used (Blackman & Eastop 2000) .
Aphid species identification was based on the life cycle and host specificity. These characters appear to be the most reliable for the present. Holocyclic monoecious aphid lineages on Leonurus cardiaca were taken as C. leonuri, whilst those holocyclic monoecious on Lamium album as c 2012 Institute of Zoology, Slovak Academy of Sciences C. alboapicalis. The common morphological key characters were also checked for the possible morphological and ecological congruence (Guldemond 1991) . Both mounted and ethanol-preserved specimens are stored at the Department of Zoology, Vilnius University (Vilnius, Lithuania).
Morphometric analysis
Characters for morphometric analysis (Table 2) were selected from the identification keys and morphological descriptions of both species (Hille Ris Lambers 1953; Bozhko 1961; Guldemond 1991; Heie 1994; Bašilova 2010) . Measurements were performed with the Olympus BX40 microscope and the interactive measuring system MicroImage (OlympusOptical Co. GmbH). Both clonal and field-collected samples of C. alboapicalis and C. leonuri were used in this study (Tables 1, 3 ).
Data analysis
Characters and their acronyms used in the text are listed in Table 2 . Pearson's correlation coefficients (r) were calculated for the whole dataset of each studied morph and the correlation of characters with the length of the body was evaluated. Characters with statistically significant (P < 0.05) correlation (|r| ≥ 0.50) with body length were removed from the further analysis. These characters Table 4 . Morphological characters removed from the data set due to their statistically significant (P < 0.05) correlation |r| ≥ 0.50 with the body length and their Pearson's correlation coefficient (r) values. Character acronyms are the same as in Table 2 . Table 4 . The data set containing measurements, counts and ratios of aphids from reared lineages was divided into two subsets. One subset was used for the construction of canonical function through the forward stepwise discriminant analysis, while the other one for the post hoc evaluation of its effectiveness. Field samples from the collections of Vilnius University (Vilnius, Lithuania) and Institute of Entomology of Biological Centre of the Czech Academy of Sciences (České Budějovice, Czech Republic) (Table 3) were also included in the post hoc evaluation. Canonical scores were visualised as scatter plots. Statistica 8.0 software was used for calculations.
Character name Apterous viviparous females

Results and discussion
Apterous viviparous females
To discriminate between apterous viviparous females of C. alboapicalis and C. leonuri the following canonical function (abbreviated onwards as AL-apt, for character acronyms see Table 2) rated 100% of C. leonuri (n = 38) and 95% of C. alboapicalis (n = 60) specimens involved in the analysis with a priori specified group membership (Fig. 1) . The post hoc classification of clonal samples gave 95% correct identification of C. alboapicalis (n = 60) and 97% of C. leonuri (n = 39) specimens (Fig. 2) . The post hoc classification of field-collected apterous viviparous females (Table 3 ) revealed 100% classification of individuals from L. album (n = 13) as C. alboapicalis and 85% classification of individuals from Leonurus spp. (n = 13) as C. leonuri (Fig. 2) . Morphological characters proposed for the separation of C. alboapicalis and C. leonuri in the identification key to European Cryptomyzus species (Guldemond 1991) appeared to be of little discriminatory power. The character SRHIN3 resulted in 98% classification of C. leonuri aphids from clonal lineages as C. alboapicalis. The ratio CAUDA/SIPHON enabled correct Fig. 3 . Canonical scores of AL-al for alate viviparous females used in analysis with a priori specified group membership. ♦ -holocyclic monoecious on Lamium album, C. alboapicalis; AL-al > -0.5; -holocyclic monoecious on Leonurus cardiaca, C. leonuri; AL-al < -0.5. Solid line indicates -0.5 value of AL-al. Fig. 4 . Canonical scores of AL-al for alate viviparous females used for post hoc classification. ♦ -holocyclic monoecious on Lamium album, C. alboapicalis; -holocyclic monoecious on Leonurus cardiaca, C. leonuri; + -field samples from Lamium album, C. alboapicalis; × -field samples from Leonurus spp., C. leonuri. Solid line indicates -0.5 value of AL-al.
identification of 90.9% of C. alboapicalis and 57.1% of C. leonuri specimens from reared lineages, while the ratio PT/BANT6 -48.8% of C. alboapicalis and 76.6% of C. leonuri.
Alate viviparous females
Alate viviparous females of C. leonuri are not included in the identification keys to European species of genus Cryptomyzus (Guldemond 1991) . When these keys were compiled, the only published morphological description of C. leonuri was that of apterous viviparous female given by Bozhko (1961) . To discriminate between alate viviparous females of C. alboapicalis and C. leonuri the following canonical function (abbreviated onwards as AL-al, for character acronyms see Table 2) arated 96% of C. leonuri (n = 26) and 100% of C. alboapicalis (n = 35) specimens involved in the analysis with a priori specified group membership (Fig. 3) . The post hoc classification of clonal samples gave the 100% correct identification of C. alboapicalis (n = 34) and C. leonuri (n = 26) (Fig. 4) . The post hoc classification of field-collected alate viviparous females (Table 4) showed that 100% of individuals from L. album (n = 3) and Leonurus spp. (n = 26) were classified as C. alboapicalis and C. leonuri, respectively (Fig. 4) .
Key for the morphological identification of C. alboapicalis and C. leonuri 
Concluding remarks
The present study confirmed that precise morphological discrimination between C. leonuri and C. alboapicalis remains a difficult task (Guldemond 1991; Bašilova 2010) and canonical functions are still needed for the proper morphological separation of these two species. In addition to the common key characters (SRHIN3, SIPHON/CAUDA, PT/BANT6), DHAS1-4, LRS and MAWSI were included for more precise morphological identification of C. alboapicalis and C. leonuri apterous viviparous females. Nonetheless, this procedure did not ensure a 100% correct classification of this species couple and host plant information still remains the basic character. The same concerns alate viviparous females of C. alboapicalis and C. leonuri, although DHAS1-4 and ANT5B seem to give rather satisfactory results on their own (see the key above).
